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(54) Method of manufacturing synthesis gas 

(57) A method of manufacturing a synthesis gas, 
which makes use of a synthesis plant comprising a re- 
former (1 0) having a steam reforming reaction tube (11), 
a combustion radiation portion (12) provided around the 
reaction tube (1 1 ), f or heating the reaction tube (11), and 
a convection portion (13) communicating the combus- 
tion radiation portion (12). A steam-containing natural 



gas is prepared by adding stream to a natural gas. The 
steam-containing natural gas is preheated by passing 
the natural gas through a convection portion (1 3) of re- 
former (10), the natural gas preheated being subse- 
quently fed to the reaction tube (11). After being pre- 
heated in the convection portion (13), carbon dioxide is 
fed to the reaction tube (11), thereby producing a syn- 
thesis gas containing hydrogen and carbon monoxide. 
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Description 




[0001] This invention relates to a method of manufac- 
turing a synthesis gas to be employed for the synthesis 
of gasoline, methanol or dimethyl ether by way of the 
GTL (Gas to Liquid) process. 
[0002] A synthesis gas comprising hydrogen (H 2 ) and 
carbon monoxide (CO) is employed as a raw materia! 
for the synthesis of gasoline, etc. by way of a GTL (Gas 
to Liquid) process according to the Fisher-Tropsch re- 
action system. 

[0003] This synthesis gas has been conventionally 
manufactured by the following method. 
[0004] Namely, by making use of a synthesis gas 
plant provided with a reformer comprising a steam re- 
forming reaction tube, a combustion radiation portion 
disposed around the reaction tube for heating the reac- 
tion tube through the combustion of fuel, and a convec- 
tion portion communicated with the combustion radia- 
tion portion, steam and carbon dioxide are added to a 
natural gas employed as a raw gas to prepare a mixed 
gas, which is then passed through the convection por- 
tion so as to be preheated to a predetermined temper- 
ature. The resultant preheated mixed gas is then fed to 
the reaction tube so as to steam-reform the natural gas 
together with carbon dioxide, thereby manufacturing the 
synthesis gas containing hydrogen (H 2 ) and carbon 
monoxide (CO). Since the temperature of the reaction 
tube to be heated by the combustion radiation portion 
can be reduced due to the preheating of this mixed gas, 
this preheating would contribute to a reduction of the 
fuel consumption. 

[0005] However, if the natural gas incorporated with 
steam and carbon dioxide is preheated to a temperature 
of 550 to 600°C or more at the convection portion of the 
reformer according to the conventional method, hydro- 
carbons of C 2 (ethane) or more of the natural gas are 
caused to thermally decompose, thereby generating 
carbon. The carbon thus generated tends to adhere on- 
to the inner wall of the natural gas-preheating portion 
(pipeline) to thereby deteriorate the heat exchanging 
performance of the pipeline and hence deteriorating 
heat exchanging rate. 

[0006] Further, if the surface temperature of the pre- 
heating portion is raised higher, the preheating portion 
may be possibly damaged. Additionally, if the carbon 
thus generated is allowed to inter into the catalyst layer 
incorporated in the reaction tube of reformer and located 
on a downstream side of the preheating portion , the cat- 
alyst layer may be clogged, thereby badly affecting the 
reaction and heat transfer, or under some circumstanc- 
es, the catalyst as well as the reaction tube may be pos- 
sibly damaged. 

[0007] Therefore, in order to avoid a wasteful con- 
sumption of natural gas on the occasion of preheating 
a natural gas incorporated with steam and carbon diox- 
ide at the convection portion of the reformer, it is re- 
quired in the conventional manufacture method of syn- 
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thesis gas to co^^^ie preheating temperature to less 
than 560°C. As a result, it is difficult according to the 
conventional method to reduce the fuel consumption of 
the reformer and to effectively carry out the recovery of 

5 heat at the convection portion. 

[0008] Therefore, an object of this invention is to pro- 
vide a method for manufacturing a synthesis gas, which 
makes it possible to feed a natural gas incorporated with 
steam and carbon dioxide and preheated to a relatively 

10 high temperature to a reformer, thereby making it pos- 
sible to save the fuel consumption of the reformer and 
to effectively utilize the waste heat of the reformer. 
[0009] Namely, this invention provides a method of 
manufacturing a synthesis gas by using a synthesis 

*5 plant comprising a reformer having a steam reforming 
reaction tube, a combustion radiation portion provided 
around the reaction tube, for heating the reaction tube 
by combusting fuel, and a convection portion communi- 
cating the combustion radiation portion, the method 

20 comprising the steps of; 

adding steam to a natural gas to prepare a stream- 
containing natural gas; 

passing the stream-containing natural gas through 
25 the convection portion of the reformer, thereby pre- 
heating the stream-containing natural gas; 
preheating carbon dioxide by passing the carbon di- 
oxide through the convection portion of the reform- 
er; and 

30 feeding the stream-containing natural gas preheat- 
ed and the carbon dioxide preheated to the reaction 
tube, thereby producing a synthesis gas containing 
hydrogen and carbon monoxide. 

35 [0010] This invention further provides a method of 
manufacturing a synthesis gas by using a synthesis 
plant comprising a reformer and a preliminary reformer 
which is provided on the upstream side of the reformer, 
the reformer comprising a steam reforming reaction 

40 tube, a combustion radiation portion provided around 
the reaction tube, for heating the reaction tube by com- 
busting fuel, and a convection portion communicating 
the combustion radiation portion, and the method com- 
prising the steps of; 

45 

adding steam to a natural gas to prepare a stream- 
containing natural gas; 

passing the stream-containing natural gas through 
the convection portion of the reformer, thereby pre- 

50 heating the stream-containing natural gas; 

feeding the stream-containing natural gas preheat- 
ed via the preliminary reformer to the reaction tube; 
preheating carbon dioxide by passing the carbon di- 
oxide through the convection portion of the reform- 

55 er; and 

feeding the carbon dioxide preheated via a pas- 
sageway, which is located between the reaction 
tube and the preliminary reformer and passed the 
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stream-containing^^al gas preheated, to the re- 
action tube, thereby producing a synthesis gascon- 
taining hydrogen and carbon monoxide. 



to a second Embodiment of this 



[0011] This invention also provides a method of man- 
ufacturing a synthesis gas by using a synthesis plant 
comprising a reformer and a partial oxidation furnace 
which is provided on the downstream side of the reform- 
er, the reformer comprising a steam reforming reaction 
tube, a combustion radiation portion provided around 
the reaction tube, for heating the reaction tube by com- 
busting fuel, and a convection portion communicating 
the combustion radiation portion, and the method com- 
prising the steps of; 

adding steam to a natural gas to prepare a stream- 
containing natural gas; 

passing the stream-containing natural gas through 
the convection portion of the reformer, thereby pre- 
heating the stream-containing natural gas; 
preheating carbon dioxide by passing the carbon di- 
oxide through the convection portion of the reform- 
er; 

feeding the stream-containing natural gas preheat- 
ed and the carbon dioxide preheated to the reaction 
tube, thereby producing a synthesis gas containing 
hydrogen and carbon monoxide; 
introducing the synthesis gas into the partial oxida- 
tion furnace; and 

introducing gas containing oxygen into the partial 
oxidation furnace, thereby allowing a reaction to 
take place between the synthesis gas and the oxy- 
gen. 

[0012] In each ofthe manufacturing methods of a syn- 
thesis gas described above, it would be possible to em- 
ploy carbon dioxide that has been recovered from the 
combustion waste gas generated at the combustion ra- 
diation portion of the reformer. 
[001 3] It is also possible to employ the carbon dioxide 
recovered from the synthesis gas produced on a down- 
stream side of the reformer. 

[0014] This summary of the invention does not nec- 
essarily describe all necessary features so that the in- 
vention may also be a sub-combination of these de- 
scribed features. 

[0015] The invention can be more fully understood 
from the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 

FIG. 1 is a flowchart illustrating main manufacturing 
steps of synthesis gas in a synthesizing plant of 
gasoline, kerosene and gas oil, which can be em- 
ployed according to a first Embodiment of this in- 
vention; 

FIG. 2 is a flow chart illustrating main manufacturing 
steps of synthesis gas in a synthesizing plant of 
gasoline, kerosene and gas oil, which can be em- 



ployed ac 
invention; 

FIG. 3 is a flow chart illustrating main manufacturing 

— steps otsynthesis gas in a synthesizing plant of 

5 gasoline, kerosene and gas oil, which can be em- 
ployed according to a third Embodiment of this in- 
vention; 

FIG . 4 is a flow chart illustrating main manufacturing 
steps of synthesis gas in a synthesizing plant of 
10 gasoline, kerosene and gas oil, which can be em- 
ployed according to a fourth Embodiment of this in- 
vention; and 

FIG. 5 is a flow chart illustrating main manufacturing 
steps of synthesis gas in a synthesizing plant of 
15 gasoline, kerosene and gas oil, which can be em- 
ployed according to a fifth Embodiment of this in- 
vention. 

[001 6] Next, the method of manufacturing a synthesis 
20 gas (which is suited for use in synthesizing gasoline, 
kerosene and gas oil) will be explained with reference 
to drawings. 



25 



(First Embodiment) 



[0017] FIG. 1 is a flow chart illustrating a main portion 
of the synthesizing plant of gasoline, kerosene and gas 
oil, which can be employed in the manufacture of a syn- 
thesis gas according to the first Embodiment. 

30 [001 8] Referring to FIG. 1 , a reformer 1 0 comprises a 
reaction tube 11 adapted to be employed for steam re- 
forming, a combustion radiation portion 12 disposed 
around the reaction tube 11 and designed to heat the 
reaction tube through the combustion of fuel, and a 

35 chimney 14 which is communicated via a convection 
portion (waste heat recovering portion) 1 3 with the com- 
bustion radiation portion 1 2. The reaction tube 1 1 is filled 
therein with a nickel-based catalyst for instance. A fuel- 
introducing passageway 20 1 is communicated with the 

40 combustion radiation portion 12 of the reformer 10. 
[0019] A raw gas-introducing passageway 20 2 is 
communicated via a convection portion 13 of the reform- 
er 1 0 with an upper end of the reaction tube 1 1 . This raw 
gas-introducing passageway 20 2 may be provided with 

^5 a desulfurizer (not shown). A steam-introducing pas- 
sageway 20 3 is communicated with the raw gas-intro- 
ducing passageway 20 2 which is positioned on the up- 
stream side of the convection portion 13. A carbon di- 
oxide-introducing passageway 20 4 is disposed so as to 

so pass through a region of the convection portion 13 in the 
vicinity of the combustion radiation portion 12 of the re- 
former 1 0 (i.e. a high temperature region within the con- 
vection portion 13) and then, to communicate with a por- 
tion of the raw gas-introducing passageway 20 2 which 

55 js located downstream relative to the convection portion 
13 with which the raw gas-introducing passageway 20 2 
is intersected. Preferably, this carbon dioxide-introduc- 
ing passageway 20 4 is disposed so as to be communi- 
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cated with a portion of th^p^as-introducing passage- 
way 20 2 which is located in the vicinity of the inlet port 
of the reaction tube 11. 

[0020] A lower end of the reaction tube 1 1-of the re- 
former 10 is communicated via a passageway 20 5 with 
a gas-liquid separator 31 . This passageway 20 5 is pro- 
vided with a heat exchanger 32. This heat exchanger 
32 is intersected with a passageway 20 6 so as to heat 
for example a boiler water passing through this pas- 
sageway 20 6 , . thereby generating a high-pressure 
steam. The water separated by the gas-liquid separator 
31 is allowed to be discharged out of the reformer 10 
through a passageway 20 7 . The gas (synthesis gas) 
separated by the gas-liquid separator 31 is allowed to 
enter via a passageway 20 8 into the Fisher-Tropsch (FT) 
reaction system 33 which is filled with a cobalt-based 
catalyst for instance. By the way, the catalyst to be filled 
in this FT reaction system 33 may not be confined to the 
cobalt-based catalyst but may be an iron-based catalyst 
for instance. 

[0021] A passageway 20 g for flowing a boiler water 
for instance is intersected with the convection portion 
13 of the reformer 10; thereby allowing the combustion 
exhaust gas of the convection portion 13 to be heat-ex- 
changed with the boiler water. As a result, the combus- 
tion exhaust gas is cooled and at the same time, the 
boiler water itself is heated, thereby generating a high- 
pressure steam. 

[0022] Next, the method of manufacturing a synthesis 
gas will be explained with reference to the aforemen- 
tioned synthesizing plant shown in FIG. 1 . 
[0023] First of all, a fuel for combustion is fed via the 
fuel-introducing passageway 20 1 to the combustion ra- 
diation portion 12 of the reformer 1 0 so as to allow the 
fuel to burn together with air, thereby heating the interior 
of reaction tube 11 up to a sufficiently high temperature 
(for example, 850-900°C). This heating of the reaction 
tube 11 is effected since this reforming reaction at the 
reformer 1 0 is an endothermic reaction. The combustion 
exhaust gas containing carbon dioxide and generated 
at this combustion radiation portion 12 is allowed to flow 
via the convection portion 13 into the chimney 14. As 
the combustion exhaust gas passes through the con- 
vection portion 1 3, the combustion exhaust gas is heat- 
exchanged with the after-mentioned steam-containing 
natural gas passing through the raw gas-introducing 
passageway 20 2 , with carbon dioxide passing through 
the carbon dioxide-introducing passageway 20 4 , and al- 
so with boiler water passing through the passageway 
20 9 , thereby cooling the combustion exhaust gas. The 
combustion exhaust gas thus cooled is then allowed to 
be discharged into air atmosphere through the chimney 
14. 

[0024] Natural gas containing methane as a main 
component is fed to the raw gas-introducing passage- 
way 20 2 . At this moment, steam is added via the steam- 
introducing passageway 20 3 to the natural gas at a pre- 
determined ratio to prepare a stream-containing natural 
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gas. By the wa^^pr this steam, the steam that has 
been generated through a heat exchange between the 
boiler water and the synthesis gas at the heat exchanger 
32 (to be explained hereinafter) as well as the steam 
5 that has been generated through a heat exchange be- 
tween the boiler water and the combustion exhaust gas 
at.the convection portion 13 of reformer 10 can be uti- 
lized for instance. 

[0025] The steam-containing natural gas is allowed to 

10 flow inside the raw gas-introducing passageway 20 2 
and preheated (up to a temperature which would not de- 
compose hydrocarbons of C 2 or more existing in the nat- 
ural gas, e.g. preheated up to 400 to 550° C for example) 
as this steam-containing natural gas passes through the 

15 convection portion 13 of reformer 10, after which this 
steam-containing natural gas thus heated is fed to the 
reaction tube 11 which has been heated up to a suffi- 
ciently high temperature. The carbon dioxide is allowed 
to flow through the carbon dioxide-introducing passage- 

20 way 20 4 which is communicated, via a region of the con- 
vection portion 13 in the vicinity of the combustion radi- 
ation portion 12, with the raw gas-introducing passage- 
way 20 2 as mentioned above. As a result, the carbon 
dioxide is preheated up to a temperature of 550 to 650°C 

25 which is higher than the temperature of the aforemen- 
tioned steam-containing natural gas during the time 
when the carbon dioxide passes through the convection 
portion 13 of the reformer 10. Since this carbon dioxide 
preheated is fed to a region of the raw gas-introducing 

30 passageway 20 2 which is located close to the inlet port 
of the reaction tube 1 1 so as to be mixed with the afore- 
mentioned steam-containing natural gas, a natural gas 
which is mixed with carbon dioxide and steam and heat- 
. ed up to a higher temperature can be fed to the reaction 

35 tube 11. 

[0026] The mixed gas comprising natural gas contain- 
ing methane (CH 4 ) as a main component, steam and 
carbon dioxide, which has been fed to the reaction tube 
1 1 of the reformer 1 0 is then subjected to steam reform- 

40 ing process wherein methane is mainly steam-reformed 
under the presence of a catalyst disposed inside the re- 
action tube 11, thereby manufacturing a synthesis gas 
containing hydrogen gas, carbon monoxide and carbon 
dioxide with a molar ratio of H2/CO ranging from 1 to 2.5 

45 according to the following formulas (1) and (2). 



50 



CH 4 + H 2 0 «± CO + 3H 2 



CO + H 2 0 <± CO z + H 2 



(1) 



(2) 



[0027] In these formulas (1) and (2) of the reforming 
reaction, 4 moles of hydrogen and one mole of carbon 
55 dioxide can be produced through the reaction between 
one mole of methane and 2 moles of steam. In the actual 
reaction system however, a composition which is close 
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to a chemical equilibriuj^^hposition that can be de- 
termined by the temperature and pressure at the outlet 
of the reaction tube can be obtained. 
[0028] By the way, it would be preferable, on the oc- 
casion of adding steam and carbon dioxide to the natural 
gas, to set the contents of methane of the natural gas, 
steam and carbon dioxide to such that the molar ratio 
between methane (CH 4 ) and stream (H 2 0) falls within 
the range of: CH 4 :H 2 0 = 1:1.5 to 1:3; while the molar 
ratio between methane (CH 4 ) and carbon dioxide (C0 2 ) 
falls within the range of: CH 4 :C0 2 = 1 :1 to 1 :3. 
[0029] The synthesis gas thus obtained is fed via the 
passageway 20 5 to the heat exchanger 32 to thereby 
heat the boiler water flowing through the passageway 
20 6 to generate a high-pressure steam. Concurrently, 
the synthesis gas itself is cooled and then, fed to the 
gas-liquid separator 31, in which water is separated 
from the synthesis gas. the water thus separated being 
subsequently discharged outside the system through a 
passageway 20 7 . The synthesis gas thus obtained is 
then transferred via the passageway 20 8 to the Fisher- 
Tropsch (FT) reaction system 33 which is filled with a 
cobalt-based catalyst for instance, thereby allowing the 
hydrogen and carbon monoxide all included in the syn- 
thesis gas to react with each other, thus synthesizing 
gasoline, kerosene and gas oil. 
[0030] According to this first Embodiment, the reform- 
er 10 is designed such that it comprises the reaction 
tube 11 , the combustion radiation portion 12 for heating 
the reaction tube 11 through the combustion of fuel with 
air, and the convection portion 13 communicating with 
the combustion radiation portion 12. In this case, on the 
occasion of feeding a steam-containing natural gas and 
carbon dioxide to the reaction tube 11 after preheating 
it at the convection portion 13 of the reformer 10, the 
steam-containing natural gas and the carbon dioxide 
are fed through separate passageways respectively, i. 
e. the steam-containing natural gas is fed through the 
raw gas-introducing passageway 20 2 which is connect- 
ed, after passing through the convection portion 13 of 
the reformer 1 0, with the reaction tube 1 1 , while the car- 
bon dioxide is fed through the carbon dioxide-introduc- 
ing passageway 20 4 which is connected, after passing 
through a specific region of the convection portion 13 of 
the reformer 10 (particularly, a high temperature region 
of the convection portion 13 which is located close to 
the combustion radiation portion 12), with the raw gas- 
introducing passageway 20 2 , resulting in that the flow 
of natural gas mixed with steam and the flow of carbon 
dioxide are combined in the vicinity of the inlet port of 
the reaction tube 11 . As a result, the preheating of car- 
bon dioxide being fed through the carbon dioxide-intro- 
ducing passageway 20 4 at the convection portion 13 
can be performed so as to permit the carbon dioxide to 
be heated up to a sufficiently high temperature without 
worrying about the decomposition of hydrocarbons of 
C 2 or more in the natural gas that may be occurred when 
a natural gas mixed with both steam and carbon dioxide 




is attempted to ^^bheated at the convection portion 
13. Therefore, it is now possible to feed a natural gas 
mixed with steam and carbon dioxide to the reaction 
tube of the reformer under a condition where the natural 

5 gas has been preheated up to a high temperature, while 
making it possible to inhibit or prevent the hydrocarbons 
of C 2 or more in the natural gas from being decomposed. 
As a result, since the quantity of fuel to be fed to the 
combustion radiation portion 12 of the reformer 10 can 

10 be reduced, the reaction among a natural gas (mainly 
methane in the natural gas), steam and carbon dioxide 
can be effectively carried out in the reaction tube with 
the employment of minimum quantity of fuel, thereby 
producing a synthesis gas containing CO and H 2 . 

is Namely, the fuel consumption by the reformer can be 
minimized. 

[0031] Additionally, since not only the raw gas-intro- 
ducing passageway 20 2 but also the carbon dioxide-in- 
troducing passageway 20 4 is allowed to pass through 

20 the convection portion 1 3 of the reformer 1 0 (specifical- 
ly, a region of the convection portion 13 which is close 
to the combustion radiation portion 12) so as to enable 
the carbon dioxide to be preheated during the passage 
of the carbon dioxide through the carbon dioxide-intro- 

25 ducing passageway 20 4 , the exhaust heat of the reform- 
er 10 can be effectively utilized. 
[0032] This synthesis gas comprising CO and H 2 can 
be fed to the Fisher-Tropsch (FT) reaction system 33 
which is filled with a cobalt-based catalyst for instance, 

30 thereby allowing the hydrogen and carbon monoxide all 
included in the synthesis gas to react with each other, 
thus making it possible to synthesize gasoline, kerosene 
and gas oil. 

[0033] Therefore, it is now possible to save the quan- 
35 tity of fuel to be fed to the combustion radiation portion 
of reformer and to effectively utilize the exhaust heat of 
the reformer on the occasion of manufacturing a syn- 
thesis gas comprising CO and H 2 which is suited for syn- 
thesizing gasoline, kerosene and gas oil by means of, 
40 for example, the Fisher-Tropsch (FT) reaction system 
by feeding steam-containing natural gas and carbon di- 
oxide to the reformer. 



(Second Embodiment) 



45 



[0034] FIG. 2 is a flow chart illustrating a main portion 
of the synthesizing plant of gasoline, kerosene and gas 
oil, which can be employed in the manufacture of a syn- 
thesis gas according to the second Embodiment. In this 

50 FIG. 2, the same components as employed in the afore- 
mentioned FIG. 1 are identified by the same numbers, 
thereby omitting the explanation thereof. 
[0035] This synthesizing plant is featured in that a car- 
bon dioxide recovery device 34 is disposed at the con- 

55 vection portion 1 3 of the reformer 1 0, thereby enabling 
carbon dioxide to be recovered from the combustion ex- 
haust gas of the convection portion 1 3. This carbon di- 
oxide recovery device 34 is connected via the passage- 
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way 20 10 with a comprd^HB5. This compressor 35 is 
communicated, via a carbon dioxide-introducing pas- 
sageway 20^ which is disposed so as to pass through 
-a region of the convection portion 13 in the vicinity of 
the combustion radiation portion 12 of the reformer 10 
(i.e. a high temperature region within the convection por- 
tion 13), with a portion of the raw gas-introducing pas- 
sageway 20 2 which is located downstream relative to 
the convection portion 13 with which the raw gas-intro- 
ducing passageway 20 2 is intersected. Preferably, this 
carbon dioxide-introducing passageway 20^ is dis- 
posed so as to be communicated with a portion of the 
raw gas-introducing passageway 20 2 which is located 
in the vicinity of the inlet port of the reaction tube 11 . 
[0036] Next, the method of manufacturing a synthesis 
gas will be explained with reference to the synthesizing 
plant shown in FIG. 2. 

[0037] First of all, a fuel for combustion is fed via the 
fuel-introducing passageway 20 1 to the combustion ra- 
diation portion 12 of the reformer 10 so as to allow the 
fuel to burn together with air, thereby heating the interior 
of reaction tube 11 up to a sufficiently high temperature 
(for example, 850-900°C). This heating of the reaction 
tube 11 is effected since this reforming reaction at the 
reformer 1 0 is an endothermic reaction. The combustion 
exhaust gas containing carbon dioxide and generated 
at this combustion radiation portion 1 2 is allowed to flow 
via the convection portion 13 into the chimney 14. As 
the combustion exhaust gas passes through the con- 
vection portion 1 3, the combustion exhaust gas is heat- 
exchanged with the after-mentioned steam-containing 
natural gas passing through the raw gas-introducing 
passageway 20 2> with carbon dioxide passing through 
the carbon dioxide-introducing passageway 20 11 , and 
also with boiler water passing through the passageway 
20 9 , thereby cooling the combustion exhaust gas. The 
carbon dioxide contained in the combustion exhaust gas 
thus cooled is recovered by the carbon dioxide recovery 
device and then, fed via the passageway 20 10 to the 
compressor 35. The combustion exhaust gas from 
which carbon dioxide is removed is then allowed to be 
discharged into air atmosphere through the chimney 1 4. 
[0038] Natural gas containing methane as a main 
component is fed to the raw gas-introducing passage- 
way 20 2 . At this moment, steam is added via the steam- 
introducing passageway 20 3 to the natural gas at a pre- 
determined ratio to prepare a steam-containing natural 
gas. By the way, as for this steam, the steam that has 
been generated through a heat exchange between the 
boiler water and the synthesis gas at the heat exchanger 
32 (to be explained hereinafter) as well as the steam 
that has been generated through a heat exchange be- 
tween the boiler water and the combustion exhaust gas 
at the convection portion 13 of reformer 10 can be uti- 
lized for instance. 

[0039] The steam-containing natural gas is allowed to 
flow inside the raw gas-introducing passageway 20 2 
and preheated (up to a temperature which would not de- 



compose hydro^^^ns of C 2 or more existing in the nat- 
ural gas, e.g. preheated up to 400 to 550°C f or example) 
as this steam-containing natural gas passes through the 
convection portion 13 of reformer 10, after which this 

5 mixed natural gas thus heated is fed to the reaction tube 
11 which has been heated up to a sufficiently high tem- 
perature. The carbon dioxide pressurized by the com- 
pressor 35 is al lowed to flow through the carbon dioxide- 
introducing passageway 20^ which is communicated, 

10 after passing through a region of the convection portion 
1 3 in the vicinity of the combustion radiation portion 1 2, 
with the raw gas-introducing passageway 20 2 as men- 
tioned above. As a result, the carbon dioxide is preheat- 
ed up to a temperature of 550 to 650°C which is higher 

15 than the temperature of the aforementioned steam-con- 
taining natural gas during the time when the carbon di- 
oxide passes through the convection portion 13 of the 
reformer 10. Since this preheated carbon dioxide is fed 
to a region of the raw gas-introducing passageway 20 2 

20 which is located close to the inlet port of the reaction 
tube 11 so as to be mixed with the aforementioned 
steam-containing natural gas, a natural gas which is 
mixed with carbon dioxide and steam and heated up to 
a higher temperature can be fed to the reaction tube 1 1 . 

25 [0040] The mixed gas comprising natural gas contain- 
ing methane (CH 4 ) as a main component, steam and 
carbon dioxide, which has been fed to the reaction tube 
1 1 of the reformer 1 0 is then subjected to steam reform- 
ing process wherein methane is mainly steam-reformed 

30 under the presence of a catalyst disposed inside the re- 
action tube 11 , thereby manufacturing a synthesis gas 
containing hydrogen gas, carbon monoxide and carbon 
dioxide with a molar ratio of H^CO ranging from 1 to 2.5 
according to the aforementioned formulas (1) and (2), 

35 [0041] By the way, it would be preferable, on the oc- 
casion of adding steam and carbon dioxide to the natural 
gas, to set the contents of methane of the natural gas, 
steam and carbon dioxide to such that the molar ratio 
between methane (CH 4 ) and stream (H 2 0) falls within 

40 the range of: CH 4 :H 2 0 - 1 :1 .5 to 1 :3; while the molar 
ratio between methane (CH 4 ) and carbon dioxide (C0 2 ) 
falls within the range of: CH 4 :C0 2 = 1 :1 to 1 :3. 
[0042] The synthesis gas thus obtained is fed via the 
passageway 20 5 to the heat exchanger 32 to thereby 

^5 heat the boiler water flowing through the passageway 
20 6 to generate a high-pressure steam. Concurrently, 
the synthesis gas itself is cooled and then, fed to the 
gas-liquid separator 31, in which water is separated 
from the synthesis gas, the water thus separated being 

50 subsequently discharged outside the system through a 
passageway 20 7 . The synthesis gas thus obtained is 
then transferred via the passageway 20 8 to the Fisher- 
Tropsch (FT) reaction system 33 which is filled with a 
cobalt-based catalyst for instance, thereby allowing the 

55 hydrogen and carbon monoxide all included in the syn- 
thesis gas to react with each other, thus synthesizing 
gasoline, kerosene and gas oil. 
[0043] According to this second Embodiment, it is 
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now possible in the san^Hnner as in the case of the 
first Embodiment to savelhe quantity of fuel to be fed 
to the combustion radiation portion of reformer and to 
effectively utilize the exhaust heat of the reformer on the 
occasion of manufacturing a synthesis gas comprising 
CO and H 2 which is suited for synthesizing gasoline, 
kerosene and gas oil by means of, for example, the Fish- 
er-Tropsch (FT) reaction system by feeding steam-con- 
taining natural gas and carbon dioxide to the reformer. 
[0044] Furthermore, since it is possible to procure car- 
bon dioxide without necessitating any other carbon di- 
oxide source because of the fact that the carbon dioxide 
generated inside the manufacturing plant (mainly the re- 
former) of synthesis gas which includes the Fisher-Trop- 
sch reaction system can be recovered, and the carbon 
monoxide thus recovered can be added, after being pre- 
heated, to the steam-containing natural gas at a location 
on the upstream side of the reformer so as to be utilized 
as a raw material gas for the reformed gas, a synthesis 
gas comprising hydrogen gas and carbon monoxide at 
a molar ratio of hVCO which is suited for synthesizing 
gasoline, kerosene and gas oil by way of the Fisher- 
Tropsch reaction system can be cheaply manufactured 
at any place without being restricted by the location of 
C0 2 gas source such as an ammonia plant. Moreover, 
it becomes possible to suppress carbon dioxide, which 
is deemed to be a cause for the warm-up of the globe, 
from being discharged outside the manufacturing plant. 

(Third Embodiment) 

[0045] FIG. 3 is a flow chart illustrating a main portion 
of the synthesizing plant of gasoline, kerosene and gas 
oil, which can be employed in the manufacture of a syn- 
thesis gas according to the third Embodiment. In this 
FIG. 3, the same components as employed in the afore- 
mentioned FIG. 1 are identified by the same numbers, 
thereby omitting the explanation thereof. 
[0046] This synthesizing plant is featured in that a car- 
bon dioxide recovery device 36 is attached to the pas- 
sageway 20 5 which is interposed between the heat ex- 
changer 32 and the gas-liquid separator 31 . This carbon 
dioxide recovery device 36 is connected via the pas- 
sageway 20 12 with a compressor 35. This compressor 
35 is communicated, via a carbon dioxide-introducing 
passageway 20^ which is disposed so as to pass 
through a region of the convection portion 13 in the vi- 
cinity of the combustion radiation portion 12 of the re- 
former 10 (i.e. a high temperature region within the con- 
vection portion 13), with a portion of the raw gas-intro- 
ducing passageway 20 2 which is located downstream 
relative to the convection portion 13 with which the raw 
gas-introducing passageway 20 2 is intersected. Prefer- 
ably, this carbon dioxide-introducing passageway 20^ 
is disposed so as to be communicated with a portion of 
the raw gas-introducing passageway 20 2 which is locat- 
ed in the vicinity of the inlet port of the reaction tube 11 . 
[0047] Next, the method of manufacturing a synthesis 
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with reference to the synthesizing 



gas will be expH 
plant shown in FFGT 3. 
[0048] First of all, a fuel for combustion is fed via the 
fuel-introducing passageway 20 1 to the combustion ra- 
5 diation portion 1 2 of the reformer 1 0 so as to allow the 
fuel to burn together with air, thereby heating the interior 
of reaction tube 11 up to a sufficiently high temperature 
(for example, 850-900°C). This heating of the reaction 
tube 11 is effected since this reforming reaction at the 
10 reformer 10 is an endothermic reaction. The combustion 
exhaust gas containing carbon dioxide and generated 
at this combustion radiation portion 12 is allowed to flow 
via the convection portion 13 into the chimney 14. As 
the combustion exhaust gas passes through the con- 
15 vection portion 1 3, the combustion exhaust gas is heat- 
exchanged with the after-mentioned steam-containing 
natural gas passing through the raw gas- introducing 
passageway 20 2 , with carbon dioxide passing through 
the carbon dioxide-introducing passageway 20^, and 
20 also with boiler water passing through the passageway 
20 9 , thereby cooling the combustion exhaust gas. The 
combustion exhaust gas thus cooled is then allowed to 
be discharged into air atmosphere through the chimney 
14. 

25 [0049] Natural gas containing methane as a main 
component is fed to the raw gas-introducing passage- 
way 20 2 . At this moment, steam is added via the steam- 
introducing passageway 20 3 to the natural gas at a pre- 
determined ratio to prepare a steam-containing natural 

30 gas. By the way, as for this steam, the steam that has 
been generated through a heat exchange between the 
boiler water and the synthesis gas at the heat exchanger 
32 (to be explained hereinafter) as well as the steam 
that has been generated through a heat exchange be- 

35 tween the boiler water and the combustion exhaust gas 
at the convection portion 13 of reformer 10 can be uti- 
lized for instance. 

[0050] The steam-containing natural gas is allowed to 
flow inside the raw gas-introducing passageway 20 2 

40 and preheated (up to a temperature which would not de- 
compose hydrocarbons of C 2 or more existing in the nat- 
ural gas, e.g. preheated up to 400 to 550°C for example) 
as this steam-containing natural gas passes through the 
convection portion 13 of reformer 10, after which this 

45 mixed natural gas thus heated is fed to the reaction tube 
11 which has been heated up to a sufficiently high tem- 
perature. The carbon dioxide that has been recovered 
from the synthesis gas by means of a carbon dioxide 
recovery device 36 (to be explained hereinafter) is then 

so fed via the passageway 20 12 to the compressor 35 so 
as to be pressurized. The carbon dioxide thus pressu- 
rized is allowed, together with the carbon dioxide that 
has been supplemented from the passageway 20 13 , to 
flow through the carbon dioxide-introducing passage- 

55 way 20^ which is communicated, after passing through 
a region of the convection portion 13 in the vicinity of 
the combustion radiation portion 12, with the raw gas- 
introducing passageway 20 2 as mentioned above. As a 
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result, the carbon dioxi^Mpreheated up to a temper- 
ature of 550 to 650°C which is higher than the temper- 
ature of the aforementioned steam-containing natural 
gas during the time when the carbon dioxide passes 
through the convection portion 13 of the reformer 10. 
Since this preheated carbon dioxide is fed to a region of 
the raw gas-introducing passageway 20 2 which is locat- 
ed close to the inlet port of the reaction tube 11 so as to 
be mixed with the aforementioned steam-containing 
natural gas, a natural gas which is mixed with carbon 
dioxide and steam and heated up to a higher tempera- 
ture can be fed to the reaction tube 11 . 
[0051 ] The mixed gas comprising natural gas contain- 
ing methane (CH 4 ) as a main component, steam and 
carbon dioxide, which has been fed to the reaction tube 
1 1 of the reformer 1 0 is then subjected to steam reform- 
ing process wherein methane is mainly steam-reformed 
under the presence of a catalyst disposed inside the re- 
action tube 11 , thereby manufacturing a synthesis gas 
containing hydrogen gas, carbon monoxide and carbon 
dioxide with a molar ratio of hVCO ranging from 1 to 2.5 
according to the aforementioned formulas (1) and (2). 
[0052] By the way, it would be preferable, on the oc- 
casion of adding steam and carbon dioxide to the natural 
gas, to set the contents of methane of the natural gas, 
steam and carbon dioxide to such that the molar ratio 
between methane (CH 4 ) and stream (H 2 0) falls within 
the range of: CH 4 :H 2 0 = 1 :1 .5 to 1 :3; while the molar 
ratio between methane (CH 4 ) and carbon dioxide (C0 2 ) 
falls within the range of: CH 4 :C0 2 = 1:1 to 1 :3. 
[0053] The synthesis gas thus obtained is fed via the 
passageway 20 5 to the heat exchanger 32 to thereby 
heat the boiler water flowing through the passageway 
20 6 to generate a high-pressure steam. Concurrently, 
the synthesis gas itself is cooled and then, fed to the 
carbon dioxide recovery device 36, from which carbon 
dioxide will be recovered. The carbon dioxide thus re- 
covered is fed via the passageway 20 12 to the compres- 
sor 35. The carbon dioxide thus pressurized by the com- 
pressor 35 is fed together with the steam-containing nat- 
ural gas to the reaction tube 1 1 . The synthesis gas from 
which the carbon dioxide has been separated is fed to 
the gas-liquid separator 31 , in which water is separated 
from the synthesis gas, the water thus separated being 
subsequently discharged outside the system through a 
passageway 20 7 . The synthesis gas thus obtained is 
then transferred via the passageway 20 8 to the Fisher- 
Tropsch (FT) reaction system 33 which is filled with a 
cobalt-based catalyst for instance, thereby allowing the 
hydrogen and carbon monoxide all included in the syn- 
thesis gas to react with each other, thus synthesizing 
gasoline, kerosene and gas oil. 
[0054] According to this third Embodiment, it is now 
possible in the same manner as in the case of the first 
Embodiment to save the quantity of fuel to be fed to the 
combustion radiation portion of reformer and to effec- 
tively utilize the exhaust heat of the reformer on the oc- 
casion of manufacturing a synthesis gas comprising CO 



20 



and H 2 which i^^^d for synthesizing gasoline, kero- 
sene and gas oil By means of, for example, the Fisher- 
Tropsch (FT) reaction system by feeding steam-contain- 
ing natural gas and carbon dioxide to the reformer. 
5 [0055] Furthermore, since the carbon dioxide existing 
in the synthesis gas is recovered so as to be added, after 
being preheated together with the carbon dioxide that 
has been separately supplemented, to the steam-con- 
taining natural gas at a location on the upstream side of 
io the reformer so as to be utilized as a raw material gas 
for the reformed gas, the quantity of carbon dioxide to 
be procured can be reduced as compared with the meth- 
od where carbon dioxide produced in a separate plant 
is utilized as a raw material gas. Moreover, it becomes 
15 possible to suppress or prevent carbon dioxide, which 
is deemed to be a cause for the warm-up of the globe, 
from being discharged outside the manufacturing plant. 
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(Fourth Embodiment) 



[0056] FIG. 4 is a flow chart illustrating a main portion 
of the synthesizing plant of gasoline, kerosene and gas 
oil, which can be employed in the manufacture of a syn- 
thesis gas according to the fourth Embodiment. In this 

25 FIG. 4, the same components as employed in the afore- 
mentioned FIG. 1 are identified by the same numbers, 
thereby omitting the explanation thereof. 
[0057] This synthesizing plant is featured in that a pre- 
liminary reformer 37 is disposed on the upstream side 

30 of the reformer 1 0. The raw gas-introducing passage- 
way 20 2 is communicated with a top portion of the pre- 
liminary reformer 37. This preliminary reformer 37 is 
communicated via the passageway 20 14 with an upper 
end of the reaction tube 1 1 of the reformer 10. This pas- 

35 sageway 20 14 is communicated via the convection por- 
tion 1 3 of the reformer 1 0 with the reaction tube 1 1 . The 
carbon dioxide-introducing passageway 20 4 is commu- 
nicated, after passing through a region of the convection 
portion 1 3 in the vicinity of the combustion radiation por- 

40 tion 1 2 of the reformer 1 0 (i.e. a high temperature region 
within the convection portion 13), with a portion of the 
passageway 20 14 which is located downstream relative 
to the convection portion 1 3 with which the passageway 
20 14 is intersected. Preferably, this carbon dioxide-intro- 

45 ducing passageway 20 4 is disposed so as to be com- 
municated with a portion of the passageway 20 14 which 
is located in the vicinity of the inlet port of the reaction 
tube 11. 

[0058] Next, the method of manufacturing a synthesis 
50 gas will be explained with reference to the synthesizing 
plant shown in FIG. 4. 

[0059] First of all, a fuel for combustion is fed via the 
fuel-introducing passageway 20 1 to the combustion ra- 
diation portion 12 of the reformer 10 so as to allow the 
55 fuel to burn together with air, thereby heating the interior 
of reaction tube 11 up to a sufficiently high temperature 
(for example, 850-900°C). This heating of the reaction 
tube 11 is effected since this reforming reaction at the 
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reformer 1 0 is an endothi^^reaction. The combustion 
exhaust gas containing carbon dioxide and generated 
at this combustion radiation portion 1 2 is allowed to flow 
via the convection -portion 13 into the chimney 14. As 
the combustion exhaust gas passes through the con- 
vection portion 13, the combustion exhaust gas is heat- 
exchanged with the after-mentioned steam-containing 
natural gas flowing through the raw gas-introducing pas- 
sageway 20 2 , with steam-containing natural gas re- 
formed preliminarily and passing through the passage- 
way 20 14 , with carbon dioxide passing through the car- 
bon dioxide-introducing passageway 20 4> and also with 
boiler water passing through the passageway 20 9 , 
thereby cooling the combustion exhaust gas. The com- 
bustion exhaust gas thus cooled is then allowed to be 
discharged into air atmosphere through the chimney 14. 
[0060] Natural gas containing methane as a main 
component is fed to the raw gas-introducing passage- 
way 20 2 . At this moment, steam is added via the steam- 
introducing passageway 20 3 to the natural gas at a pre- 
determined ratio to prepare a steam-containing natural 
gas. By the way, as for this steam, the steam that has 
been generated through a heat exchange between the 
boiler water and the synthesis gas at the heat exchanger 
32 (to be explained hereinafter) as well as the steam 
that has been generated through a heat exchange be- 
tween the boiler water and the combustion exhaust gas 
at the convection portion 13 of reformer 10 can be uti- 
lized for instance. 

[0061] The steam-containing natural gas is allowed to 
flow inside the raw gas-introducing passageway 20 2 
and preheated (up to a temperature which would not de- 
compose hydrocarbons of C 2 or more existing in the nat- 
ural gas, e.g. preheated up to 400 to 550°C for example) 
as this mixed natural gas passes through the convection 
portion 13 of reformer 10, after which this steam-con- 
taining natural gas thus heated is fed to a preliminary 
reformer 37. In this preliminary reformer 37, the hydro- 
carbons of the natural gas which have two or more car- 
bon atoms, mainly ethane, are reformed into methane 
having one carbon atom (C1), CO and H 2 . 
[0062] The steam-containing natural gas preliminarily 
reformed in this manner is then fed via the passageway 
20 14 to the reaction tube 1 1 of the reformer 10. The car- 
bon dioxide is allowed to flow through the carbon diox- 
ide-introducing passageway 20 4 which is communicat- 
ed, after passing through a region of the convection por- 
tion 1 3 in the vicinity of the combustion radiation portion 
12, with the raw gas-introducing passageway 20 2 . As a 
result, the carbon dioxide is preheated up to a temper- 
ature of 550 to 650°C which is higher than the temper- 
ature of the aforementioned steam-containing natural 
gas during the time when the carbon dioxide passes 
through the convection portion 13 of the reformer 10. 
Since this preheated carbon dioxide is fed to a region of 
the passageway 20 14 which is located close to the inlet 
port of the reaction tube 11 so as to be mixed with the 
aforementioned steam-containing natural gas, a natural 



liJ^^h 



16 



gas which is mbJ^Bth carbon dioxide and steam and 
heated up to a higher temperature can be fed to the re- 
action tube 11. 

[0063] The mixed gas comprising natural gas contain- 

5 ing methane (CH 4 ) as a main component, steam and 
carbon dioxide, which has been fed to the reaction tube 
11 of the reformer 1 0 is then subjected to steam reform- 
ing process wherein methane is mainly steam-reformed 
under the presence of a catalyst disposed inside the re- 

10 action tube 11 , thereby manufacturing a synthesis gas 
containing hydrogen gas, carbon monoxide and carbon 
dioxide with a molar ratio of Hg/CO ranging from 1 to 2.5 
according to the aforementioned formulas (1) and (2). 
[0064] In these formulas (1) and (2) of the reforming 

is reaction, 4 moles of hydrogen and one mole of carbon 
dioxide can be produced through the reaction between 
one mole of methane and 2 moles of steam. In the actual 
reaction system however, a composition which is close 
to a chemical equilibrium composition that can be de- 

20 termined by the temperature and pressure at the outlet 
of the reaction tube 11 can be obtained. 
[0065] By the way, it would be preferable, on the oc- 
casion of adding steam and carbon dioxide to the natural 
gas, to set the contents of methane of the natural gas, 

25 steam and carbon dioxide to such that the molar ratio 
between methane (CH 4 ) and stream (H 2 0) falls within 
the range of: CH 4 :H 2 0 = 1:1.5 to 1:3; while the molar 
ratio between methane (CH 4 ) and carbon dioxide (C0 2 ) 
falls within the range of: CH 4 :C0 2 = 1:1 to 1:3. 

30 [0066] The synthesis gas thus obtained is fed via the 
passageway 20 5 to the heat exchanger 32 to thereby 
heat the boiler water flowing through the passageway 
20 6 to generate a high-pressure steam. Concurrently, 
the synthesis gas itself is cooled and then, fed to the 

35 gas-liquid separator 31, in which water is separated 
from the synthesis gas, the water thus separated being 
subsequently discharged outside the system through a 
passageway 20 7 . The synthesis gas thus obtained is 
then transferred via the passageway 20 a to the Fisher- 

40 Tropsch (FT) reaction system 33 which is filled with a 
cobalt-based catalyst for instance, thereby allowing the 
hydrogen and carbon monoxide all included in the syn- 
thesis gas to react with each other, thus synthesizing 
gasoline, kerosene and gas oil. 

45 [0067] According to this fourth Embodiment, it is now 
possible in the same manner as in the case of the first 
Embodiment to save the quantity of fuel to be fed to the 
combustion radiation portion of reformer and to effec- 
tively utilize the exhaust heat of the reformer on the oc- 

50 casion of manufacturing a synthesis gas comprising CO 
and H 2 which is suited for synthesizing gasoline, kero- 
sene and gas oil by means of, for example, the Fisher- 
Tropsch (FT) reaction system by feeding steam-contain- 
ing natural gas and carbon dioxide to the reformer. 

55 [0068] Additionally, since the preliminary reformer 37 
is disposed on the upstream side of the reformer 10 to 
thereby make it possible to preliminarily reform the hy- 
drocarbons of the natural gas which have two or more 
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carbon atoms, mainly etl^pf into methane having one 
carbon atom, CO and H 2> it is possible to alleviate the 
thermal load at the reformer 10. As a result, the quantity 
of fuel to be fed to the combustion radiation portion 1 2 
of the reformer 1 0 can be reduced, thus making it pos- 
sible to manufacture a synthesis gas with a decreased 
quantity of fuel. 

(Fifth Embodiment) 

[0069] FIG. 5 is a flow chart illustrating a main portion 
of the synthesizing plant of gasoline, kerosene and gas 
oil, which can be employed in the manufacture of a syn- 
thesis gas according to thefifth Embodiment. In this FIG. 
5, the same components as employed in the aforemen- 
tioned FIG. 1 are identified by the same numbers, there- 
by omitting the explanation thereof. 
[0070J This synthesizing plant is featured in that a par- 
tial oxidation furnace 38 is provided at a region of the 
passageway 20 5 which is located on the downstream 
side of the reformer 1 0 and between a lower end of the 
reaction tube 11 and the heat exchanger 32. A gas-in- 
troducing (oxygen-introducing) passageway 20 15 is 
communicated with the partial oxidation furnace 38. 
[0071] Next, the method of manufacturing a synthesis 
gas will be explained with reference to the synthesizing 
plant shown in FIG. 5. 

[0072] First of all, a fuel for combustion is fed via the 
fuel-introducing passageway 20., to the combustion ra- 
diation portion 12 of the reformer 10 so as to allow the 
fuel to bum together with air, thereby heating the interior 
of reaction tube 11 up to a sufficiently high temperature 
(for example, 850-900°C). This heating of the reaction 
tube 11 is effected since this reforming reaction at the 
reformer 10 is an endothermic reaction. The combustion 
exhaust gas containing carbon dioxide and generated 
at this combustion radiation portion 1 2 is allowed to flow 
via the convection portion 13 into the chimney 14. As 
the combustion exhaust gas passes through the con- 
vection portion 1 3, the combustion exhaust gas is heat- 
exchanged with the after-mentioned steam-containing 
natural gas passing through the raw gas-introducing 
passageway 20 2 , with carbon dioxide passing through 
the carbon dioxide-introducing passageway 20 4 , and al- 
so with boiler water passing through the passageway 
20 9 , thereby cooling the combustion exhaust gas. The 
combustion exhaust gas thus cooled is then allowed to 
be discharged into air atmosphere through the chimney 
14. 

[0073] Natural gas containing methane as a main 
component is fed to the raw gas-introducing passage- 
way 20 2 . At this moment, steam is added via the steam- 
introducing passageway 20 3 to the natural gas at a pre- 
determined ratio to prepare a steam-containing natural 
gas. By the way, as for this steam, the steam that has 
been generated through a heat exchange between the 
boiler water and the synthesis gas at the heat exchanger 
32 (to be explained hereinafter) as well as the steam 




that has been g^^ted through a heat exchange be- 
tween the boiler water and the combustion exhaust gas 
at the convection portion 13 of reformer 10 can be uti- 
lized for instance. 
5 [0074] The steam-containing natural gas is allowed to 
flow inside the raw gas-introducing passageway 20 2 
and preheated (up to a temperature which would not de- 
compose hydrocarbons of C 2 or more existing in the nat- 
ural gas, e.g. preheated up to 400 to 550°C for example) 
10 as this steam-containing natural gas passes through the 
convection portion 13 of reformer 10, after which this 
mixed natural gas thus preheated is fed to the reaction 
tube 11 of the reformer 10. The carbon dioxide is allowed 
to flow through the carbon dioxide-introducing passage- 
15 way 20 4 which is communicated, after passing through 
a region of the convection portion 13 in the vicinity of 
the combustion radiation portion 1 2, with the raw gas- 
introducing passageway 20 2 . As a result, the carbon di- 
oxide is preheated up to a temperature of 550 to 650°C 
20 which is higher than the temperature of the aforemen- 
tioned steam-containing natural gas during the time 
when the carbon dioxide passes through the convection 
portion 1 3 of the reformer 10. Since this preheated car- 
bon dioxide is fed to a region of the raw gas-introducing 
25 passageway 20 2 which is located close to the inlet port 
of the reaction tube 11 so as to be mixed with the afore- 
mentioned steam-containing natural gas, a natural gas 
which is mixed with carbon dioxide and steam and heat- 
ed up to a higher temperature can be fed to the reaction 
30 tube 11. 

[0075] The mixed gas comprising natural gas contain- 
ing methane (CH 4 ) as a main component, steam and 
carbon dioxide, which has been fed to the reaction tube 
1 1 of the reformer 1 0 is then subjected to steam reform- 
35 ing process wherein methane is mainly steam-reformed 
under the presence of a catalyst disposed inside the re- 
action tube 11 , thereby producing a reformed gas con- 
taining hydrogen gas, carbon monoxide and carbon di- 
oxide according to the aforementioned formulas (1) and 

40 ( 2 ). 

[0076] In these formulas (1) and (2) of the reforming 
reaction, 4 moles of hydrogen and one mole of carbon 
dioxide can be produced through the reaction between 
one mole of methane and 2 moles of steam. I n the actual 

45 reaction system however, a composition which is close 
to a chemical equilibrium composition that can be de- 
termined by the temperature and pressure at the outlet 
of the reaction tube 11 can be obtained. 
[0077] By the way, it would be preferable, on the oc- 

50 casion of adding steam and carbon dioxide to the natural 
gas, to set the contents of methane of the natural gas, 
"steam and carbon dioxide to such that the molar ratio 
between methane (CH 4 ) and stream (H 2 0) falls within 
the range of: CH 4 :H 2 0 = 1:1 .5 to 1 :3; while the molar 

55 ratio between methane (CH 4 ) and carbon dioxide (C0 2 ) 
falls within the range of: CH 4 :C0 2 = 1:1 to 1:3. 
[0078] The reformed gas thus obtained is fed via the 
passageway 20 5 to the partial oxidation furnace 38, in 
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which the hydrogen in l^plformed gas is allowed to 
burn by the oxygen that has been introduced therein 
from the oxygen introducing passageway 20 15 . On this 
occasion, since the reformed gas is heated up to a high- 
er temperature, CO and H 2 are caused to be generated 
according to the aforementioned reaction formula (1). 
Further, since the quantity of hydrogen in the reformed 
gas is caused to decrease in the partial oxidation fur- 
nace 38, it becomes possible to manufacture a synthe- 
sis gas having a molar ratio of Hg/CO = 1 to 2.5. 
[0079] The synthesis gas produced at the partial oxi- 
dation furnace 38 is fed via the passageway 20 5 to heat 
exchanger 32 to thereby heat the boiler water flowing 
through the passageway 20 6 to generate a high-pres- 
sure steam. Concurrently, the synthesis gas itself is 
cooled and then, fed to the gas-liquid separator 31. In 
this gas-liquid separator 31 , the synthesis gas is sepa- 
rated from water, the water thus separated being sub- 
sequently discharged outside the system through a pas- 
sageway 20 7 . The synthesis gas thus obtained is then 
transferred via the passageway 20 8 to the Fisher-Trop- 
sch (FT) reaction system 33 which is filled with a cobalt- 
based catalyst for instance, thereby allowing the hydro- 
gen and carbon monoxide all included in the synthesis 
gas to react with each other, thus synthesizing gasoline, 
kerosene and gas oil. 

[0080] According to this fifth Embodiment, the steam- 
containing natural gas and carbon dioxide is fed to the 
reformer, and the resultant reformed gas is introduced 
from the reformer into the partial oxidation furnace, in 
which the hydrogen contained in the reformed gas is al- 
lowed to burn with oxygen separately introduced into the 
partial oxidation furnace. As a result, it is now possible 
to manufacture a synthesis gas comprising CO and H 2 , 
which is suited for synthesizing gasoline, kerosene and 
gas oil by means of, for example, the Fisher-Tropsch 
(FT) reaction system, and also possible to save the 
quantity of fuel to be fed to the combustion radiation por- 
tion of reformer and, at the same time, to effectively uti- 
lize the exhaust heat of the reformer. 
[0081] By the way, the preliminary reformer described 
in the aforementioned fourth Embodiment may be ap- 
plied also to the synthesis plants of the aforementioned 
second and third Embodiments. 
[0082] Additionally, although the reformed gas and 
oxygen are fed to the partial oxidation furnace in the 
aforementioned fifth Embodiment, a mixed gas compris- 
ing oxygen and carbon dioxide may be employed in 
place of them. In this case, carbon dioxide should pref- 
erably be incorporated into the mixed gas at ratio of 30 
to 200% by volume based on the oxygen. When such a 
mixed gas comprising oxygen and carbon dioxide is em- 
ployed, the reaction between hydrogen and oxygen of 
the reformed gas in the partial oxidation furnace would 
become slower, thereby making it possible to minimize 
the possibility of explosion. 

[0083] It is also possible, in this fifth Embodiment, to 
supply steam to the partial oxidation furnace. When 




steam is suppl^^B the partial oxidation furnace, it 
would become possible to suppress or prevent the gen- 
eration of free carbon which would hinder the FT syn- 
thesis reaction in the partial oxidation furnace. 

5 [0084] The partial oxidation furnace described in the 
fifth Embodiment may be installed in the synthesis 
plants of the aforementioned second to fourth Embodi- 
ments, in this case, a mixed gas comprising the re- 
formed gas, oxygen and carbon dioxide may be fed to 

10 the partial oxidation furnace. It is also possible, in these 
second to fourth Embodiments, to supply steam to the 
partial oxidation furnace. 

[0085] In the first to fifth Embodiments, the synthesis 
gas manufactured in the reformer is introduced into the 
15 Fisher-Tropsch reaction system so as to synthesize 
gasoline, etc. However, the synthesis gas manufactured 
in the reformer can be also applied to the synthesis of 
methanol or dimethyl ether. 

[0086] As explained above, it is possible according to 
20 this invention to feed steam-containing natural gas and 
carbon dioxide and preheated to a high temperature to 
a reformer to thereby reduce the fuel consumption at the 
reformer, and also to effectively utilize the exhaust heat 
generated at the reformer. Namely, it is possible accord- 
25 jng to this invention to provide a method of manufactur- 
ing a synthesis gas which is suited for the synthesis of 
gasoline, kerosene and gas oil by way of the Fisher- 
Tropsch reaction system, or for the synthesis of metha- 
nol or dimethyl ether at low cost. 

30 

Claims 

1 . A method of manufacturing a synthesis gas by us- 
35 ing a synthesis plant comprising a reformer (10) 

having a steam reforming reaction tube (11), a com- 
bustion radiation portion (12) provided around the 
reaction tube (1 1 ), for heating the reaction tube (11) 
by combusting fuel, and a convection portion (13) 
40 communicating the combustion radiation portion 
(1 2), the method comprising the steps of; 

adding steam to a natural gas to prepare a 
stream-containing natural gas; 
45 passing the stream-containing natural gas 

through the convection portion (13) of the re- 
former (10), thereby preheating the stream- 
containing natural gas; 

preheating carbon dioxide by passing the car- 
so bon dioxide through the convection portion (1 3) 

of the reformer (10); and 
feeding the stream-containing natural gas pre- 
heated and the carbon dioxide preheated to the 
reaction tube (11 ), thereby producing a synthe- 
55 sis gas containing hydrogen and carbon mon- 

oxide. 

2. The method according to claim 1 , characterized in 
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5. 



6. 



7. 



that the carbon dio recovered from the com- 
bustion waste gas generated at the combustion ra- 
diation portion (12) of the reformer (10). 

The method according to claim 1 , characterized in 
that the carbon dioxide is recovered from the syn- 
thesis gas produced on a downstream side of the 
reformer (10). 

A method of manufacturing a synthesis gas by us- 
ing a synthesis plant comprising a reformer (1 0) and 
a preliminary reformer (37) which is provided on the 
upstream side of the reformer (10), the reformer 

(10) comprising a steam reforming reaction tube 

(11) , a combustion radiation portion (12) provided 
around the reaction tube (11), for heating the reac- 
tion tube (1 1) by combusting fuel, and a convection 
portion (13) communicating the combustion radia- 
tion portion (12), and the method comprising the 
steps of; 

adding steam to a natural gas to prepare a 
stream-containing natural gas; 
passing the stream-containing natural gas 
through the convection portion (13) of the re- 
former (10), thereby preheating the stream- 
containing natural gas; 

feeding the stream-containing natural gas pre- 
heated via the preliminary reformer (37) to the 
reaction tube (11); 

preheating carbon dioxide by passing the car- 
bon dioxide through the convection portion (13) 
of the reformer (10); and 
feeding the carbon dioxide preheated via a pas- 
sageway, which is located between the reaction 
tube (11) and the preliminary reformer (37) and 
passed the stream-containing natural gas pre- 
heated, to the reaction tube, thereby producing 
a synthesis gas containing hydrogen and car- 
bon monoxide. 

The method according to claim 4, characterized in 
that the carbon dioxide is recovered from the com- 
bustion waste gas generated at the combustion ra- 
diation portion (13) of the reformer (10). 

The method according to claim 4, characterized in 
that the carbon dioxide is recovered from the syn- 
thesis gas produced on a downstream side of the 
reformer (10). 

A method of manufacturing a synthesis gas by us- 
ing a synthesis plant comprising a reformer (1 0) and 
a partial oxidation furnace (38) which is provided on 
the downstream side of the reformer (10), the re- 
former (10) comprising a steam reforming reaction 
tube (11), a combustion radiation portion (12) pro- 
vided around the reaction tube (11), for heating the 



reaction tu^^^) by combusting fuel, and a con- 
vection portion (13) communicating the combustion 
radiation portion (12), and the method comprising 
the steps of; 

5 

adding steam to a natural gas to prepare a 
stream-containing natural gas; 
passing the stream-containing natural gas 
through the convection portion of the reformer 
10 (10), thereby preheating the stream-containing 

natural gas; 

preheating carbon dioxide by passing the car- 
bon dioxide through the convection portion (1 3) 
of the reformer (10); 
15 feeding the stream-containing natural preheat- 

ed gas and the carbon dioxide preheated to the 
reaction tube (11), thereby producing a synthe- 
sis gas containing hydrogen and carbon mon- 
oxide; 

20 introducing the synthesis gas into the partial ox- 

idation furnace (38); and 
introducing gas containing oxygen into the par- 
tial oxidation furnace (38), thereby allowing a 
reaction to take place between the synthesis 

25 gas and the oxygen. 

8. The method according to claim 7, characterized in 
that the carbon dioxide is recovered from the com- 
bustion waste gas generated at the combustion ra- 

30 diation portion (1 2) of the reformer (1 0). 

9. The method according to claim 7, characterized in 
that the carbon dioxide is recovered from the syn- 
thesis gas produced on a downstream side of the 

35 reformer (10). 

10. The method according to claim 7, characterized in 
that the gas containing oxygen is oxygen. 

40 11. The method according to claim 7, characterized in 
that the gas containing oxygen is a mixed gas con- 
taining oxygen and carbon dioxide. 

12. The method according to claim 7, characterized in 
45 that steam is additionally fed to the partial oxidation 

furnace (38). 

13. A method of manufacturing a synthesis gas by us- 
ing a synthesis plant comprising a reformer (10), a 

so preliminary reformer (37) which is disposed on the 
upstream side of the reformer (1 0), and a partial ox- 
idation furnace (38) which is provided on the down- 
stream side of the reformer (10), said reformer (10) 
comprising a steam reforming reaction tube (11), a 

55 combustion radiation portion (12) provided around 
the reaction tube (11), for heating the reaction tube 
(11) by combusting fuel, and a convection portion 
(13) communicating the combustion radiation por- 
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tion (12), and the 




comprising 



the steps of; 



adding steam to a natural gas to prepare a 
stream-containing natural gas; 
passing the stream-containing natural gas 5 
through the convection portion (13) of the re- 
former (10), thereby preheating the stream- 
containing natural gas; 

feeding the stream-containing natural gas pre- 
heated via the preliminary reformer (37) to the 10 
reaction tube (11); 

preheating carbon dioxide by passing the car- 
bon dioxide through the convection portion (13) 
of the reformer (10); 

feeding the carbon dioxide preheated via a pas- 15 
sageway, which is located between the reaction 
tube (11) and the preliminary reformer (37) and 
passed the stream-containing natural gas pre- 
heated, to the reaction tube (11), thereby pro- 
ducing a synthesis gas containing hydrogen 20 
and carbon monoxide; 

introducing the synthesis gas into the partial ox- 
idation furnace (38); and 
introducing gas containing oxygen into the par- 
tial oxidation furnace (38), thereby allowing a 25 
reaction to take place between the synthesis 
gas and the oxygen. 

14. The method according to claim 13, 
characterized in that the carbon dioxide is recov- 30 
ered from the combustion waste gas generated at 

the combustion radiation portion (12) of the reform- 
er (10). 

15. The method according to claim 13, 35 
characterized in that the carbon dioxide is recov- 
ered from the synthesis gas produced on a down- 
stream side of the reformer (10). 

16. The method according to claim 1 3, *o 
characterized in that the gas containing oxygen is 
oxygen. 

17. The method according to claim 1 3, 
characterized in that the gas containing oxygen is ^ 
a mixed gas containing oxygen and carbon dioxide. 

18. The method according to claim 13, 
characterized in that steam is additionally fed to 

the partial oxidation furnace (38). so 
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